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Description
RELATED APPLICATIONS

[0001] This application claims priority to U.S. provi-
sional application serial number 62/509,411, filed May
22, 2017, entitled "Method and Apparatus to Enable
Communication and Control in a Power System", the en-
tire contents of which are incorporated herein by refer-
ence.

BACKGROUND

[0002] Generally, PLC (Power Line Communication)
is a method that transmits a communication signal mod-
ulated using a carrier wave on power distribution lines of
apower systeminstalled outdoors orindoors. Distribution
lines are used to enable the transmission and reception
of signals, and the information provided in those signals
is used for various purposes related to the power system.

SUMMARY

[0003] The following is a short summary of some of the
inventive concepts for illustrative purposes only, and is
not intended to limit or constrain the inventions and ex-
amples in the detailed description. One skilled in the art
will recognize other novel combinations and features
from the detailed description.

[0004] lllustrative embodiments disclosed herein may
include a system used to supply power to a load, a stor-
age device and/or one or more direct current (DC) to
direct current converters and/or one or more DC to alter-
nating current (AC) converters (e.g., inverters, micro-in-
verters). The system may include various devices and
may implement methods for the devices to enable com-
munication within the system and with other systems.
The system may include various interconnections of
groups of DC power sources that also may be connected
in various series, parallel, series parallel, and/or parallel
series combinations, for example.

[0005] In some illustrative embodiments disclosed
herein, a power line communication (PLC) device may
be magnetically coupled to power lines, and the magnetic
coupling might not require direct electrical connection to
the power lines. As such, the PLC devices may be at-
tached and re-attached at various locations in a power
system as part of a possible retrofit of the power system
in order to provide monitoring and control of the power
system.

[0006] In some illustrative embodiments disclosed
herein, a PLC device may be integrated as part of an
electrical device, such as a string combiner box where
safety devices and termination blocks are used to con-
nect power cables of strings of interconnected power
sources together as part of a power system. The string
combiner box may include additional connections to pow-
er modules, controllers and their connections to the safe-
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ty devices and termination blocks for example. The PLC
devices may connectto the power cables and may enable
communications between various parts of the power sys-
tem in order to provide monitoring and control of the var-
ious devices within the power system.

[0007] As noted above, this Summary is merely a sum-
mary of some of the features described herein. It is not
exhaustive, and it is not to be a limitation on the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] These and other features, aspects, and advan-
tages of the present disclosure will become better under-
stood with regard to the following description, claims, and
drawings. The present disclosure is illustrated by way of
example, and not limited by, the accompanying figures.

Fig. 1A illustrates a power system, according to one
or more illustrative embodiments.

Fig. 1B shows further details of a power module, ac-
cording to one or more illustrative embodiments.

Fig. 1C shows a buck+boost circuit implementation
for a power circuit, according to one or more illustra-
tive embodiments.

Fig. 2A shows an isometric view of a network unit,
according to one or more illustrative embodiments.

Fig. 2B shows an isometric view of a network unit,
according to one or more illustrative embodiments.

Fig. 2C, 2D and 2E show further details of network
units, according to one or more illustrative embodi-
ments.

Fig. 2F shows an isometric view of a network unit,
according to one or more illustrative embodiments.

Fig. 2G shows an isometric view of a magnetic core,
according to one or more illustrative embodiments.

Fig. 2H shows a plan view of a network unit, accord-
ing to one or more illustrative embodiments.

Fig. 2l shows a cross sectional view of a network
unit, according to one or more illustrative embodi-
ments.

Fig. 3A shows another isometric view of details of a
network unit, according to one or more illustrative
embodiments.

Fig. 3B shows multiple network units attached to a
mounting plate, according to one or more illustrative
embodiments.
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Fig. 3C shows multiple network units mounted in a
connection box, according to one or more illustrative
embodiments.

Fig. 4A shows a block diagram of a power system,
according to one or more illustrative embodiments.

Fig. 4B shows further details of a network unit, ac-
cording to one or more illustrative embodiments.

DETAILED DESCRIPTION

[0009] Inthe following description of various illustrative
embodiments, reference is made to the accompanying
drawings, which form a part hereof, and in which is
shown, by way of illustration, various embodiments in
which aspects of the disclosure may be practiced. It is to
be understood that other embodiments may be used and
structural and functional modifications may be made,
without departing from the scope of the present disclo-
sure.

[0010] The term "multiple" as used here in the detailed
description indicates the property of having or involving
several parts, elements, or members. The claim term "a
plurality of* as used herein in the claims section finds
support in the description with use of the term "multiple"
and/or other plural forms. Other plural forms may include
for example regular nouns that form their plurals by add-
ing either the letter 's’ or 'es’ so that the plural of converter
is converters or the plural of switch is switches for exam-
ple.

[0011] Reference is made to Fig. 1A, which shows a
block diagram of a power system 100, according one or
more illustrative embodiments. A connection configura-
tion 111 of the power system 100 may include multiple
power sources 101 with direct current (DC) output termi-
nals connected to the input terminals of power modules
103. DC output terminals of power modules 103 in con-
nection configuration 111 may be connected in series
with power lines 120 to form a series string of power
module 103 outputs. Multiple connection configurations
111 may be connected in parallel across the input of pow-
er device 107. Power device 107 may include, for exam-
ple, a direct current (DC) to DC converter, a DC string
combiner box, and/or a DC to alternating current (AC)
inverter supplying power to load 109. Load 109 may be,
for example, a battery, an alternating current (AC) grid
or a DC grid, or a DC to AC inverter.

[0012] A network unit 112 may be attached to power
lines 120 at various locations such as the top of a series
string of power module 103 outputs, at connection nodes
A and/or B, or atan input to power device 107. In general,
any number of network units 112 may be attached to
power lines 120 at any number of locations of power sys-
tem 100. The attachment of network units 112 to power
lines 120 may include electrical-mechanical and electro-
magnetic-mechanical mechanisms. Descriptions below
concerning other network units consider include optoe-
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lectronic-mechanical mechanisms.

[0013] Network unit 112 may be used to enable com-
munication of both transmitted and received signals be-
tween power modules 103 and/or between power mod-
ules 103 and power devices 107, for example. The sig-
nals transmitted and received may include control sig-
nals, signals which identify a particular power module
103 and/or power device 107, signals representing a pa-
rameter (e.g., voltage, current, power, coulombic charge,
level of solar irradiance or temperature) sensed at vari-
ous locations in power system 100. According to various
features described below, network units 112 may also
be integrated into power modules 103, power lines 120
and/or power devices 107.

[0014] In the descriptions that follow, by way of non-
limiting example, power source 101 may be a photovolta-
ic (PV) generator (for example, a PV cell, a series string
of PV cells, a parallel connection of serially connected
PV strings of PV cells, a photovoltaic or solar panel), a
DC generator, a battery, or a fuel cell. Load 109 may be
variously implemented, for example, using a battery, su-
per capacitor, flywheel and/or ULTRABATTERY ™. Load
109 may comprise one or more DC load circuits. Power
device 107 may comprise communication equipment
(e.g., a cellular base-station) or other devices deployed
in a location that might not be connected to an electrical
grid. Power source 101 may be, for example, a wind tur-
bine that produces alternating current (AC), and power
modules 103 may serve as AC-to-DC converters such
as rectifiers and/or include use of switched mode power
supply, for example.

[0015] Reference is now made to Fig. 1B, which illus-
trates circuitry that may be found in a power device such
as power module 103, according to an illustrative em-
bodiment. Power module 103 may be similar to or the
same as power device 107 shown in Fig. 1A. In some
embodiments, power module 103 may include power cir-
cuit 135. Power circuit 135 may include a direct current
to direct current (DC/DC) converter such as a Buck,
Boost, Buck/Boost, Buck + Boost, Cuk, Flyback, and/or
forward converter. In some embodiments, power circuit
135 may include a direct current - alternating current
(DC/AC) converter (also known as an inverter), such as
a micro-inverter. Power circuit 135 may have two input
terminals and two output terminals, which may be the
same as the inputterminals and outputterminals of power
module 103. In some embodiments, power circuit 135
might be featured with the two input terminals of power
module 103 directly coupled to the two output terminals
of power module 103 so that power module 103 functions
without power conversion. In some embodiments, power
circuit 135 may feature a switch to disconnect the input
terminals from the output terminals. In some embodi-
ments, power module 103 may include Maximum Power
Point Tracking (MPPT) circuit 138, which is configured
to extractincreased power from a power source the pow-
er device is coupled to. In some embodiments, power
circuit 135 may include MPPT functionality. In some em-
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bodiments, MPPT circuit 138 may implementimpedance
matching algorithms to extract increased power from a
power source the power device is coupled to. Power mod-
ule 103 may further include controller 105 such as a mi-
croprocessor, Digital Signal Processor (DSP), Applica-
tion-Specific Integrated Circuit (ASIC), and/or a Field
Programmable Gate Array (FPGA).

[0016] Referringstillto Fig. 1B, controller 105 may con-
trol and/or communicate with other elements of power
module 103 over common bus 190. In some embodi-
ments, power module 103 may include circuitry and/or
sensors/sensor interfaces 125 configured to measure
parameters directly or receive measured parameters
from connected sensors and/or sensor interfaces config-
ured to measure parameters on or near the power source,
such as the voltage and/or current output by the power
source and/or the power output by the power source. In
some embodiments, the power source may be a photo-
voltaic (PV) generator comprising PV cells, and a sensor
unit (e.g., one or more sensors and/or sensor interfaces)
may directly measure or receive measurements of the
irradiance received by the PV cells, and/or the tempera-
ture on or near the PV generator.

[0017] Referring still to Fig. 1B, in some embodiments,
power module 103 may include communication interface
129, which is configured to transmit and/or receive data
and/or commands from other devices. Communication
interface 129 may communicate using Power Line Com-
munication (PLC) technology that enables sending data
over existing power cables, or wireless technologies such
as ZigBee™ , Wi-Fi, cellular communication or other wire-
less methods. Communication interface 129 may also
include a mechanism for opto-electronic communication
that includes optical fibers to convey data and/or com-
mands from other devices.

[0018] In some embodiments, power module 103 may
include memory device 123, for logging measurements
taken by sensor(s)/sensor interfaces 125 to store code,
operational protocols or other operating information.
Memory device 123 may be Flash, Electrically Erasable
Programmable Read-Only Memory (EEPROM), Ran-
dom Access Memory (RAM), Solid State Devices (SSD),
or other types of appropriate memory devices.

[0019] Referring still to Fig. 1B, in some embodiments,
power module 103 may include safety devices 160 (e.g.,
fuses, circuit breakers and Residual Current Detectors).
Safety devices 160 may be passive or active. For exam-
ple, safety devices 160 may include one or more passive
fuses disposed within power module 103 and designed
to melt when a certain amount of current flows through
it, disconnecting part of power module 103 to avoid dam-
age. In some embodiments, safety devices 160 may in-
clude active disconnect switches, which are configured
to receive commands from a controller (e.g., controller
105, or an external controller) to disconnect portions of
power module 103, or configured to disconnect portions
of power module 103 in response to a measurement
measured by a sensor (e.g., a measurement measured
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or obtained by sensors/sensor interfaces 125). In some
embodiments, power module 103 may include auxiliary
power circuit 162, which is configured to receive power
from a power source coupled to power module 103, and
output power suitable for operating other circuitry com-
ponents (e.g., controller 105, communication interface
129, etc.). Communication, electrical coupling and/or da-
ta-sharing between the various components of power
module 103 may be carried out over common bus 190.
[0020] Referring stillto Fig. 1B, in some embodiments,
power module 103 may include bypass unit Q9 coupled
between the inputs of power circuit 135 and/or between
the outputs of power circuit 135. Bypass unit Q9 and/or
power circuit 135 may be a junction box to terminate pow-
er lines 120 or to provide a safety feature such as fuses
or residual current devices. Bypass unit Q9 may also be
an isolation switch, for example. Bypass units Q9 may
be controlled by controller 105. If an unsafe condition is
detected, controller 105 may set bypass unit Q9 to ON,
short-circuiting the input and/or output of power circuit
135. In a case in which power sources 101 are photo-
voltaic (PV) generators, each PV generator provides an
open-circuit voltage at its output terminals. When bypass
unit Q9 is ON, the PV generator connected to module
103 may be short-circuited, to provide a voltage of about
zero to power circuit 135. In both scenarios, a safe volt-
age may be maintained, and the two scenarios may be
staggered to alternate between open-circuiting and
short-circuiting PV generators. This mode of operation
may allow continuous power supply to system control
devices, as well as provide backup mechanisms for main-
taining a safe voltage (i.e., operation of bypass unit Q9
may allow continued safe operating conditions).

[0021] Sensor/sensor interface 125 operatively at-
tached to controller 105 may include analog to digital
converters (not shown) that may be connected to sen-
sors. The sensors may be configured to sense electrical
parameters such as current, voltage and/or power of load
109, power device 107 and the input and/or output pa-
rameters of power circuit 135 and power source 101.
Optionally, sensor/sensor interface may also include an
energy gauge to count coulombs (amperes per second)
when either charging or discharging a battery for exam-
ple. The sensors may optionally be located and integrat-
ed inside power circuit 135 and/or network unit 112 and
in other network units described below. The sensors may
be optionally spatially located in the vicinity of power de-
vice 107 and load 109 respectively. Similarly, a sensor
may be spatially located in the vicinity of power source
101. Additional sensors may be added and configured
to sense, for example, temperature, humidity and lumi-
nance.

[0022] Reference is made to Fig. 1C, which shows a
buck+boost circuit implementation for power circuit 135,
according to one or more illustrative embodiments. Ca-
pacitor C1 may connect in parallel across the positive
and negative input terminals of the buck+boost circuit
where the voltage is indicated as VIN. Capacitor C2 may
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connect in parallel across the positive and negative out-
put terminals of the buck+boost circuit where the voltage
is indicated as VOUT. The sources of insulated gate field
effect transistors (IGFETs) 83 and S2 connect to the
common negative output and input terminals of the
buck+boost circuit. The drain of switch 81 may connect
to the positive input terminal, and the source of switch
S$1 may connect to the drain of switch §3. The drain of
switch 84 may connect to the positive output terminal,
and the source of switch S4 may connect to the drain of
switch S2. Inductor L1 may connect respectively be-
tween the drains of switches 83 and S4. The gates of
switches 81, S2, S3 and S4 may be operatively connect-
ed to controller 105 (see also Fig. 1B).

[0023] Switches S1,S2,S3 and S4 may be implement-
ed, for example, using metal oxide semiconductor field
effect transistors (MOSFETS), insulated gate bipolar
transistors (IGBTs), bipolar junction transistors (BJTs),
Darlington transistor, diode, silicon controlled rectifier
(SCR), Diac, Triac or other semi-conductor switches.
Similarly, implementation for power circuit 135 may in-
clude, for example, a buck circuit, a boost circuit, a
buck/boost circuit, a Flyback circuit, a Forward circuit, a
charge pump, a Cuk converter or any other circuit that
may be used to convert power on the input of power circuit
135 to the output of power circuit 135.

[0024] Power circuit 135 may include or be operatively
attached to a maximum power point tracking (MPPT) cir-
cuit 138. MPPT circuit 138 may also be operatively con-
nected to controller 105 or another controller. MPPT cir-
cuit 138 under control of controller 105, or a central con-
troller may be used to increase power extraction from
power sources 101 and/or to control voltage and/or cur-
rent supplied to load 109 and power device 107 in order
to avoid damage to load 109 and power device 107. Con-
trol of voltage and/or current to load 109 and power de-
vice 107, might not necessarily use the feature ofincreas-
ing power from power sources 101, but rather may use
MPPT circuit 138 to operate at a point in order to shed
some of the power produced by power sources 101.
[0025] Inthe various aspects described above for pow-
er system 100, a communication protocol used by com-
munication interface 129 of Fig. 1B in one primary power
module 103 may communicatively control one or more
other power modules 103 that are known as secondary
power modules 103. Once a primary/secondary relation-
ship is established, a direction of control may be from the
primary power module 103 to the secondary power mod-
ules 103. When one primary power module 103 experi-
ences a reduction of power input (e.g., due to shading in
the case of photovoltaic panels used for power sources
101), and the outputs of power modules 103 are con-
nected in series, the power supply to power the primary
module 130 may be taken from the other power module
103 outputs (e.g., by coupling auxiliary power circuit 162
to an output of power circuit 135, which may be coupled
to conductors carrying power from other power modules
103. In the case of shading of a panel in a series string
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including power modules 103 and/or other power mod-
ules as described below, a currentbypass may be applied
to the respective power module 103 and panel.

[0026] A communication protocol may be implemented
for the direction of control between power modules and/or
fortransferring data and/or or commands between power
modules 103 and power device 107 using, for example
power line communication (PLC) techniques over power
lines of power system 100 and other power systems as
described below. The communication protocol may be
implemented using near field communication (NFC), Wi-
Fi™ to connect to a wireless local area network (WLAN),
BLUETOOTH™, ZIGBEE™ WIMAX™ controller area
network (CAN) bus, local interconnect network (LIN), or
as described later optical communication protocols such
as Fiber Channel(FC), Synchronous Digital Hierarchy
(SDH), Synchronous Optical Networking (SONET) or
Optical Transport Network (OTN), for example. In some
embodiments, communications may be implemented us-
ing acoustic communication technology.

[0027] Power system 100 may be operably connected
to a central controller (not shown), according to one or
more illustrative embodiments. The central controller
may include a controller 105 coupled to a memory device
123 and a communication interface 129. The central con-
troller 105 may receive power supply in order to operate
from power modules 103, from an additional auxiliary
power supply or from power device 107. Central control-
ler 105 may receive (e.g., from each power module 103)
measured electrical parameters (e.g., current, voltage
and/or power of load 109, power device 107 and/or the
input and/or output of power circuit 135 and power source
101) sensed by the sensors. In response to the sensed
electrical parameters of each power module 103, the cen-
tral controller may send appropriate control signals to
each power module 103 of power system 100. Power
modules 103, central controller 105 and in descriptions
of other power modules that follow, may derive their pow-
er needed to operate on the output side of the power
modules, from power device 107 and/ or auxiliary power
circuits 162. Auxiliary power circuits 162 may similarly
derive their power needed to operate from the input side
or output side of the power modules or from a power
device 107.

[0028] Reference is now made to Fig. 2A, which shows
an isometric drawing of details of network unit 112, ac-
cording to one or more illustrative embodiments. Network
unit 112 may include an upper housing 220a and a lower
housing 220b. Network unit 112 may include a magnetic
core thatmay include uppermember 22a and lower mem-
ber 22b that are respectively housed in upper housing
220a and lower housing 220b. Upper member 22a may
be separable from lower member 22b at an opening op-
posite hinge 24. Hinge is mounted to upper housing 220a
and lower housing 220b. Upper member 22a may be
magnetically joined to lower member 22b at the opening
opposite hinge 24 by use of fastener 28 that may estab-
lish a magnetic path in the magnetic core. Alternatively,
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the magnetic core may be constructed of one piece in-
stead of two pieces such as upper member 22a and lower
member 22b and the one piece housed in a single hous-
ing. In case the magnetic core is constructed as one mon-
olithic piece, a power line 120 may be passed through
the magnetic core without utilizing a hinge.

[0029] Referenceis now made to Fig. 2B, which shows
another isometric drawing of details of network unit 112,
according to one or more illustrative embodiments. Upper
housing 220a is shown attached to lower housing 220b.
Upper housing 220a may be separable from lower hous-
ing 220b at an opening opposite hinge 24, by use of hinge
28. A partial portion of power line 120 is shown inserted
through the aperture between upper housing 220a and
lower housing 220b. Connection wires 23 may provide
power and/or connection to associated transmitter, re-
ceiver and/or transceiver circuits (not shown) located in
lower housing 220b.

[0030] Powertoconnectionwires23inthe descriptions
that follow for the various embodiments of network units
described herein may be supplied by a local power
source for each network unit 112, to auxiliary power cir-
cuit 162, existing DC or AC bus or power in proximity to
a network unit 112 that may be converted to DC power.
Connection wires 23 may be self-fed by extracting mag-
netic power from power lines 120. For example, a strong
PLC signal may be used to feed the power requirements
of network unit 112. Alternatively, where DC plus and
minus power lines 120 are available, a direct electrical
contact of connection wires may be made to supply the
power requirements of network unit 112. Coupling to su-
perimpose and receive signals onto power lines 120 may
not be via direct electrical contact to power lines 120. In
some embodiments, connection wires might not be used,
with power for operating network unit 112 provided by
power lines 120 and communication taking place over
power lines 120 and/or via wireless communications.
[0031] Referenceis now made to Fig. 2C, which shows
further details of network unit 112, according to one or
more illustrative embodiments. Network unit 112 may in-
clude a magnetic core that further includes upper mem-
ber 22a and lower member 22b. Upper and lower hous-
ings 220a and 220b are not shown in order to simplify
the drawing. Upper member 22a may be separable from
lower member 22b at opening 26. Upper member 22a
and lower member 22b may pivot about hinge 24 as
shown by respective arrows 24a and 24b. Upper member
22a may be magnetically joined to lower member 22b at
opening 26 by use of fastener 28 to establish magnetic
path MP1. A cross section of power line 120 is shown
located in the aperture 29 formed between upper mem-
ber 22a and lower member 22b when upper member 22a
is fastened to lower member 22b with fastener 28. The
aperture 29 formed between upper member 22a and low-
er member 22b when upper member 22a is fastened to
lower member 22b may be rectangular as shown, or ap-
erture 29 formed between upper member 22a and lower
member 22b may be circular, elliptical, triangular,
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square, rectangular, or in a different polygon shape.
[0032] Network unit 112 may further include an induc-
tor L2 that may be wound to form a coil around upper
member 22a and may be connected to transceiver 20.
Transceiver 20 may be connected bi-directionally to com-
munication interface 129 so that signals from communi-
cation interface 129 to transceiver 20 may be transmitted
by transceiver 20 and signals received by the receiver of
transceiver 20 may be sent to communication interface
129. Aperture 29 between upper member 22a and lower
member 22b may be of such as size so that upper mem-
ber 22a when fastened to lower member 22b may cause
power line 120 to be firmly clamped between upper mem-
ber 22a and lower member 22b. A number of network
units 112 may further be further mechanically mountable
within a connection box, for example, or a number of
network units 112 may be mechanically attached to each
other. Alternatively, the magnetic core may be construct-
ed of one piece instead of two pieces, such as upper
member 22a and lower member 22b.

[0033] A magnetic coupling or transformer effect be-
tween power line 120 and inductor L2 may allow signals
from communication interface 129 transmitted by the
transmitter part of transceiver 20, to be induced into pow-
er line 120. Similarly, inductor L2 may allow signals
present on power line 120 to be induced into inductor L2
and therefore to be received by receiver portion of trans-
ceiver 20, which may then be passed into communication
interface 129. Connection wires 23 of Fig. 2B (not explic-
ity shown) may provide power to transceiver 20 and/or
allow the passing of communication signals.

[0034] Referenceis now made to Fig. 2D, which shows
further details of network unit 112, according to one or
more illustrative embodiments. Upper and lower hous-
ings 220a and 220b are not shown in order to simplify
the drawing. Transceiver 20 may be separated into a
separate receiver 20a and transmitter 20b. Both receiver
20a and transmitter 20b may be connected to commu-
nication interface 129 and respective inductors L3 and
L4. Inductor L3 may be wound to form a coil around upper
member 22a and inductor L4 may be wound to form a
coil around lower member 22b. A magnetic coupling or
transformer effect between power line 120 and inductor
L3 may allow signals from communication interface 129
transmitted by transmitter 20b, to be induced into power
line 120. Similarly, inductor L4 may allow signals present
on power line 120 to be induced into inductor L4 and
therefore to be received by receiver 20a, which may then
be passed into communicationinterface 129. Connection
wires 23 of Fig. 2B (not explicitly shown) may provide
power to transceiver 20, receiver 20a and transmitter 20b
and/or allow the passing of communication signals.
[0035] Reference is now made to Fig. 2E, which shows
further details of network unit 112, according to one or
more illustrative embodiments. Upper and lower hous-
ings 220a and 220b are not shown in order to simplify
the drawing. Fig. 2E includes the same component parts
as Fig. 2D, but both inductors L3 and L4 connected to
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respective receiver 20a and transmitter 20b are both
wound to form a coil around upper member 22a. Receiver
20a and transmitter 20b both may connect to communi-
cation interface 129. Communication interface 129, pre-
viously has been described as being part of power mod-
ules 103 but may additionally be a part of power devices
107 and network units 112. Communication signals con-
veyed between network units 112 and respective com-
munication interfaces 129 in general may include control
signals to control power modules 103, for example, and
to convey data to and from a controller or between power
modules 103. The communication signals applied by net-
work units 112 for communication signals maybe re-con-
ditioned and re-repeated between network units 112
placed at various locations in a power system installation.
Signals transmitted and received may include control sig-
nals, signals that identify a particular power module 103
and/or power devices 107. Identification of power mod-
ules 103 and/or power devices 107 may allow an asso-
ciation between a group of power modules 103 and a
particular power device 107 for example. Signals may
also represent a parameter sensed in power system 100
atthe various electrical connections of power system 100
and/or various topographic locations of power sources
101, for example. The parameter may include voltage,
current, power, coulombic charge, level of solar irradi-
ance or temperature for example. For example, sensing
of current may use a Hall effect sensor. Control signals
based on the parameters sensed in power systems 100
may then be conveyed to particular power modules 103
to control the distribution of power to particular loads 109
or charge storage devices, for example.

[0036] Connection wires 23 of Fig. 2B (not explicitly
shown) may provide power to transceiver 20, receiver
20a and transmitter 20b and/or allow the passing of com-
munication signals.

[0037] While Figs. 2C, 2D and 2E show inductive cou-
pling, alternatives to inductive coupling may be used,
which may include capacitive coupling or by direct cou-
pling by wire or resistor, for example. Further aspects of
coupling to superimpose and receive signals onto power
lines 120 may be by a variable capacitance which may
be configured to substantially match both lumped and
distributed impedances of the power lines 120 at various
points in power system 100. The matching of distributed
and lumped impedances of and connected to the power
lines 120 at various points in power system 100 may be
done to ensure that substantially most of the signal power
of signals may be superimposed and received respec-
tively onto and from power lines 120. Substantially most
ofthe signal power of signals superimposed and received
respectively onto and from power lines 120 may be at
least one way of improving signal to noise ratios (SNRs)
at various points in power system 100. The variable ca-
pacitance may be by a varicap diode and/or the variable
capacitance may be provided by a switched capacitor
circuit controlled by controller 105 or a central controller.
Measurement of the various electrical parameters at var-
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ious points in power system 100 by sensors/sensor in-
terfaces 125 and subsequent analysis may deem that
both the lumped and distributed impedances of the power
lines 120 and devices attached to power lines 120 at
various points to be detrimental for effective communi-
cations. For example, the communications applied by
network units 112 for facilitating monitoring, supplying
and control of powers to loads 109 from power modules
103 and power devices 107 may therefore be, according
to features described above, to enable dynamic and/or
statically predefined configurations of power system 100.
[0038] Reference is now made to Fig. 2F, which shows
an isometric view of a network unit 112, according to one
or more illustrative embodiments. Network unit 112 is
made from a single housing 220, but may also be made
from two housings 220a and 220b as described previ-
ously above with respect to Figs. 2A and 2B. Elliptical
apertures 25 are shown that go through housing 220
where optional connection wires (e.g., connection wires
23 of Fig. 2B) may be inserted and connected to provide
power to transceiver 20, receiver 20a and/or transmitter
20b (not shown) that may be located in housing 220. Two
power lines 120 are shown inserted through the aperture
of housing 220, and network unit 112 may receive and/or
transmit communication signals over power lines 120.
[0039] Referenceis now madetoFig. 2G, which shows
an isometric view of a magnetic core 22, according to
one or more illustrative embodiments. In some embodi-
ments, magnetic core 22 may comprise two parts, an
upper member and alower member, similarly to as shown
previously in Figs. 2A, 2B, 2C, 2D and 2E. In some em-
bodiments, magnetic core 22 may comprise a single,
monolithic member. Inductors L3 and L4 may be wound
around magnetic core 22 to form respective coils around
magnetic core 22. Inductors L3 and L4 may be further
connectedtorespective receiver 20a and transmitter 20b
(not shown). Magnetic core 22 may be located and
housed in a housing (e.g., 220). Alternatively, more than
one magnetic core 22 may be located and housed in a
housing (e.g. 220) such that for example, one magnetic
core 20 may have inductor L3 connected to receiver 20a,
while another magnetic core 20 may have inductor L4
connected to transmitter 20b (both not shown).

[0040] Referenceis now made to Fig.2H, which shows
a plan view and Fig. 21 which shows a cross sectional
view A-A of network unit 112, according to one or more
illustrative embodiments. With respect to the plan view,
two power lines 120 are shown going through the aper-
ture of housing 220. With respect to the cross sectional
view A-A, inductors L3 and L4 are shown wrapped
around in coils of respective members of magnetic 22
shown located and mounted in housing 220. Power lines
120 are shown going through the aperture of housing
220. Space between housing 220 and magnetic core 22
may allow for the mounting and connection of additional
component such as sensors/sensor interfaces 125, con-
trollers 105, communication interfaces 129, receiver 20a,
transmitter 20b, and/or transceiver 20 (all not shown).
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[0041] Referenceis now made to Fig. 3A, which shows
another isometric drawing of details of two network units
112, according to one or more illustrative embodiments.
A partial part of power line 120 is shown inserted in be-
tween two upper and lower housings 220a and 220b of
each network 112. Partial parts of upper members 22a
(shown by dotted lines) may be located in respective up-
per housings 220a. Alternatively, the housing of the mag-
netic core and the magnetic core for a network unit 112
may each be constructed of one piece of material instead
of two pieces, such as upper member 22a/upper housing
220a and lower member 22b/ lower housing 220b. The
cross section of the aperture formed between upper
housing 220a and lower housing 220b may be circular,
elliptical, triangular, square, rectangular, or in a different
geometric shape. Similarly, if both the housing of the
magnetic core and the magnetic core for network unit
112 are each constructed of one piece of material instead
of two, the aperture through a housing of the magnetic
core and the magnetic core may be circular, elliptical,
triangular, square, rectangular, orin a different geometric
shape. The aperture formed between upper housing
220aand lower housing 220b may or might not physically
clamp power lines 120. The apertures described above
may accommodate the insertion of one or more power
lines 120.

[0042] Power line 120 also may connect to a safety
circuit 340 that may be a fuse, circuit breaker or isolation
switch, for example. Inductors L3 and L4 may be wound
around the respective magnetic cores of upper members
22a and may be further connected to respective receiver
20a and transmitter 20b. Alternatively, inductor L3 may
be wound around the magnetic core of lower member
22b and may be further connected to a transceiver 20
as shown in Fig. 2C, for example. Elliptical apertures 25
are shown that go through lower housings 220a where
connection wires 23 may be inserted and connected to
provide power to transceiver 20, receiver 20a, and/or
transmitter 20b.

[0043] Fig. 3A, which shows details of two network
units 112 with each network units having separate mag-
netic cores, whereby one network unit 112 houses re-
ceiver 20a/ inductor L3 and one network unit 112 houses
transmitter 20b/ inductor L4. Alternatively, one network
unit 112 may house both transmitter 20b and receiver
20a and/or transceiver 20/ inductor L2 on one magnetic
core on various locations of a magnetic core as shown
in Figs. 2C, 2D and 2E. Alternatively, one network unit
112 may additionally house sensors/sensor interfaces
125, controllers 105, and/or communication interfaces
129. Separating receiver 20a and transmitter 20b into
separate network units may be desirable, for example,
in order to provide network units to a particular system
using network units 112 for transmission only (e.g., trans-
mitting monitored parameters to a logging and/or moni-
toring databases) or for reception only (e.g., to receive
operational commands from a central controller).
[0044] Referenceis now made to Fig. 3B, which shows
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multiple network units 112 attached to a mounting plate
342, according to one or more illustrative embodiments.
Partial portions of power lines 120 are shown passing
through network units 112 and may be attached to safety
circuits 340. Mounting plate 342 may be mounted in a
connection box (not shown) located at nodes A and B
for example with reference to Fig.IA. Other network units
described below may be similarly mounted in connection
boxes at various points in a power system for example.
At nodes A and B for example, multiple power lines 120
from multiple parallel connection configurations 111 may
all be present in the connection box (e.g., a string com-
biner box). In the connection box, the multiple power lines
120 may be often in close physical proximity to each oth-
er. The close proximity of power lines 120 to each other
may allow reduced costs by coupling power lines 120 to
network units 112 on a common mount or rack such as
mounting plate 342, for example.

[0045] In terms of communications, the multiple net-
work units 112 connection wires 23 may be further inter-
connected between elliptical apertures 25 and attached
to the communication interface of a power device 107,
power modules 103, and/or central controller that may
be located within the connection box and/or in proximity
to the connection box.

[0046] By way of example, a pair of networks units 112
may be located in parallel to each other on respective
corresponding positive and negative power lines 120
used in power system 100. A differential comparison of
currents and/or voltages in positive and negative power
lines may indicate the possibility of leakage voltages
and/or currents and/or arcing taking place in power sys-
tem 100. All of the considerations described for the con-
nection box may be applied to the descriptions that follow.
[0047] Referenceis made to Fig. 3C, which shows mul-
tiple network units 112 mounted in a connection box 350,
according to one or more illustrative embodiments. The
multiple network units 112 are shown mounted on a DIN
(Deutsches Institut fiir Normung) rail 354 that is mount-
ably attached to the back panel of connection box 350.
Similarly, multiple circuit breakers 356 are shown mount-
ed on a DIN rail 354 that is mountably attached to the
back panel of connection box 350. Multiple power lines
120 may be inserted though respective apertures of each
network unit 112 and terminated in a respective circuit
breaker 356. Power lines 120 are shown entering through
the bottom panel of connection box 350 through cable
openings 352. Connection box 350 may additionally in-
clude safety circuits 340 (as shown in Fig. 3B) that may
further include electrical isolators, circuit breakers 356,
and residual current devices (RCDs). Connection box
350 may additionally include additional DIN rail 354 to
mount additional terminal blocks for interconnecting pow-
er lines 120. Connection box 350 may additionally pro-
vide housing and connection of power modules, power
devices, and control units.

[0048] Reference is made to Fig. 4A, which shows a
block diagram of a power system 400a, according to one
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or more illustrative embodiments. A connection configu-
ration 111a includes a power source 101 with direct cur-
rent (DC) output terminals that may be connected to the
input terminals of power module 103. The input of power
module 103a may similarly be connected to the output
of a power source 101. DC output terminals of power
modules 103 and the DC output terminals of power mod-
ule 103a in connection configuration 111a may be con-
nected in series to give a series connection. The series
connection may include the DC outputs of power mod-
ules 103 connected in series with power lines 120 to the
bottom DC input of power module 103a, and the top DC
output of power module 103a connected to the electrical
portion of power line 420a (shown by solid line) that in-
cludes a fiber optic portion (shown by dotted line). Mul-
tiple connection configurations 111a may be connected
in parallel across the input of power device 107 that may
be a direct current (DC) to DC converter or may be a DC
to alternating current (AC) inverter supplying power to
load 109. Load 109 may be a battery, an alternating cur-
rent (AC) grid or a DC grid, or a DC to AC inverter. Net-
work unit 112 may be attached to power lines 120/420a
at various locations such as the top of a series string of
power module 103 outputs, at connection nodes A and/or
B or at power device 107. In general, any number of
network units 112/412a may be attached to power lines
120/420a at any number of locations of power system
400a. The attachment of network units 112/412a to pow-
erlines 120/420a may include electrical-mechanical, op-
toelectronic-mechanical, and electromagnetic-mechani-
cal mechanisms.

[0049] Power module 103a may be the same as power
module 103 but may also further include a network unit
412a operatively attached to a communication interface
similar to a communication interface 129 of a power mod-
ule 103. Network unit 412a may be an integral part of a
power module 103a. Network unit 412a may be opera-
tively attached to communication interface 129 of a power
module 103 or operably attached to a similar communi-
cation interface of power device 107.

[0050] Network unit 412a may be attached to power
lines 420a at various locations such as the top of the
series string of power modules 103/103a outputs, at con-
nection nodes A and/or B or at power device 107. In
general, any number of network units 412a may be at-
tached to power lines 420a at any number of locations.
Power lines 420a may include a fiber optic cable (shown
in dotted line) integrated with a power cable (shown by
solid line) that is similar to power line 120.

[0051] Network unit 412a may be connected to a net-
work unit 112 to enable communication of both transmit-
ted and received signals between respective power mod-
ules 103a and power modules 103. A feature of network
unit 412a may be to combine an optical-cable integrated
power line with electro-magnetic circuitry of network unit
112 so as to transmit and receive signals using power
line communications over power lines 120 and the power
cable portion (shown by solid line) of power line 420a as
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described above with respect to the features of network
unit 112) as described above with respect Figs. 2C, 2D
and 2E.

[0052] Network unit 412a may be further used to ena-
ble communication of both transmitted and received sig-
nals between power modules 103a and power devices
107 connected by power line 420a. The connection to
enable communication between power modules 103a
and power devices 107 may use the fiber optic portion
of power line 420a (shown by dotted line) or use the elec-
trically conductive portion of power line 420a (shown by
solid line) for power line communications (PLCs) as de-
scribed above with respect Figs. 2C, 2D and 2E.

[0053] The signals transmitted and received may in-
clude control signals, signals which identify a particular
power module 103/103a and/or power device 107. Iden-
tification of power modules 103/103a and/or power de-
vice 107 may allow an association between a group of
power modules 103/103a and a particular power device
107, for example. Signals may also represent a param-
eter sensed in power systems 100/400a at the various
electrical connections of power system 100 and/or top-
ographic locations of power sources 101, for example.
The parameter may include voltage, current, power, cou-
lombic charge, level of solar irradiance, or temperature,
for example. Control signals based on the parameters
sensed in power systems 100/400a may then be con-
veyed to particular power modules 103/103a to control
the parameters sensed in power systems 100/400a.
[0054] Reference is made to Fig. 4B, which shows fur-
ther details of network unit 412a, according to one or
more illustrative embodiments. Network unit 412a in-
cludes a connection housing 440 for a fiber optic con-
nector F1. Connection housing 440 may include a receiv-
er 450a connected to a photo-diode PD1 that receives
light from fiber optic connector F1. Fiber optic connector
F1 may connect to the fiber optic cable of power line
420a. Photodiode PD1 may convert the received light
from fiber optic connector F1 into an electrical signal that
is applied to the input of receiver 450a. Receiver 450a
may decode the electrical signal into data on data output
430 and may provide indication of a detected signal at
detected signal output 432. Both data output 430 and
detected signal output 432 may be coupled to a commu-
nications interface such as communications interface
129.

[0055] Network unit 412a may further include a con-
nection housing 442 for a fiber optic connector F2. Con-
nection housing 442 includes a transmitter 420b con-
nected to a laser diode LD1 that transmits light from fiber
optic connector F2. Fiber optic connector F2 may connect
to the fiber optic cable of power line 420a. Laser diode
LD1 converts the data on data input 434 from an electrical
signal to a light signal for transmission on fiber optic con-
nector F2. Multiple connection housings 440 and 442
may be included in network unit 412a.

[0056] Transmitter 420b and receiver 450a of network
unit 412a may be operatively attached to a communica-
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tion interface similar to a communication interface 129
of a power module 103. The communication interface in
power modules 103/ 103a and power devices 107 may
be operatively attached to transmitter 420b and receiver
450a of network unit 412a. In general, according to var-
ious features described above, network units 112 and/or
412a may be integrated into power modules 103/103a,
and/or power devices 107.

[0057] Communication interfaces 129 may be at-
tached to or be an integral part of power modules
103/103a, power devices 107 and network units
112/412a. As such, communication interfaces 129 ac-
cording to embodiments described above are able to in-
terface to allow communication of signals using Power
Line Communication (PLC) technology that enables
sending data over existing power cables, or wireless
technologies such as ZIGBEE™, Wi-Fi, cellular commu-
nication or other wireless methods. Communication in-
terface 129 may also include a mechanism for opto-elec-
tronic communication that includes optical fibers to con-
vey data and/or commands from and to other devices.
Network units 112/412a may be connected to various
parts of power systems 100/400a installation via com-
munication interfaces 129 that may be configured to en-
able signals to be superimposed onto power lines
120/420a and to be received from off power lines
120/420a via network units 112/412a. Coupling between
the network units 112/412a and the power lines 120/420a
may be an electromagnetic coupling, a capacitive or a
direct coupling.

[0058] Sensors/sensor interfaces 125 connected to
communication interfaces 129 and network units
112/412a may enable sensing of parameters such as
powers, currents, voltages, coulombs, characteristic im-
pedance and temperatures of their respective inputs and
outputs, and may be used to assess the best way of su-
perimposing communication and control signals onto
power lines 120/420a and receiving communication and
control signals off power lines 120/420a. Based on the
assessment, signals may be conveyed instead via wire-
less technology or by use of fiber optic transceivers and
fiber optic cables, for example. The fiber optic cables may
be an integral part of the power lines 120/420a. Commu-
nication signals in general may include control signals to
control power modules 103/103a, for example, and to
convey data to and from a controller 105 or between pow-
er modules 103/103a. The communication signals ap-
plied by the network units 112/412a for communication
signals maybe re-conditioned and re-repeated between
network units 112/412a. Network units 112/412a placed
at various locations in the power systems 100/400a in-
stallations, for example.

[0059] According to some illustrative embodiments,
DC power sources are connected to a load and/or a stor-
age device via multiple power modules to for a power
system. Network units placed at various points in power
system may allow communication between various parts
of power system to allow the sensing and conveying of
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sensed parameters to a controller to monitor and control,
for example, the power modules. The power modules
may control power such that a load and/or a storage de-
vice may match the DC power from the DC power sourc-
es, in which power may be shed from the load and/or the
storage device. Optionally, DC power from the storage
device may be matched and supplied to the load, or op-
tionally DC power from the DC power sources may be
matched and supplied to the load. To control power, the
power modules may include sensors capable of sensing
parameters such as powers, currents, voltages, cou-
lombs, and temperatures of their respective inputs and
outputs.

[0060] According to some illustrative embodiments,
network units may be connected to various parts of a
power system installation and may be configured to en-
able signals to be superimposed onto power lines and to
be received from off power lines. Coupling between the
network units and the power lines may be an electromag-
netic coupling, a capacitive or a direct coupling. Sensors
capable of sensing parameters such as powers, currents,
voltages, coulombs, characteristic impedance and tem-
peratures of their respective inputs and outputs may be
used to assess the feasibility of superimposing commu-
nication and control signals onto power lines and receiv-
ing communication and control signals off power lines.
Based on the assessment, signals may be conveyed in-
stead via wireless technology or by use of fiber optic
transceivers and fiber optic cables, for example. The fiber
optic cables may be an integral part of the power lines.
Communication signals in general may include control
signals to control power modules for example and to con-
vey data to and from a controller or between power mod-
ules. The communication signals applied by the network
units for communication signals maybe re-conditioned
and re-repeated between network units placed at various
locations in the power system installation.

[0061] According to some illustrative embodiments,
the state of charge of storage devices may be sensed
and communicated between various parts of the power
system by use of the network units. Upon the sensed
charge of the storage device being above a first prede-
termined level of state of charge, the power stored in the
storage device may be supplied to a load, whereby the
stored charge of the storage device is discharged to the
load. Upon the sensed charge of the storage device being
below a second predetermined level of state of charge,
the storage device may then be charged and power to
the load may be supplied responsive to the measured
power.

[0062] According to some illustrative embodiments, a
power circuit may be connected at its output to a load
and to a storage device. A switch may be provided at an
output terminal of the power circuit, to enable connection
or disconnection between the output terminal of the pow-
er circuit and an input terminal of the storage device.
Control of the switch may be based on communications
between network units in the power system, which may
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convey measured parameters of the power system to a
controller. With the switch in an ON position, the load and
the storage device are connected in parallel across an
output terminal of the power circuit. With the switch in an
OFF position, the load remains connected across the out-
put terminal of the power circuit, and the storage device
is disconnected from the output terminal of the power
circuit. In the context of a photovoltaic (PV) panel imple-
mentation of a power system, operation of the switch in
the ON position may allow power to be supplied to the
load and to the storage device when power from a power
source (e.g., solar panel) providing power to the power
circuit is sufficient (e.g., during the daytime). Operation
of the switch in an OFF position may allow power to be
supplied to the load if charging of the storage device is
to be avoided, such as when the storage device is already
substantially fully charged, or to reduce the number of
charging cycles of the storage device, or when power
from the power source supplying power to the power cir-
cuit is insufficient to both power the load and the charge
the storage device. When power from the power source
is insufficient (e.g., during the nighttime), the switch may
be placed in the ON position, allowing power from the
storage device to be applied to the load.

[0063] According to some illustrative embodiments,
the groups of DC power sources may include groups of
DC power sources where the direct current to supply a
load and/or a storage device may be derived from renew-
able energy sources such as sunlight, wind, rain, tides,
waves, and geothermal heat. Devices that convert these
renewable energy sources include for example photo-
voltaic solar generators, wind generators and wind tur-
bines. The groups of DC power sources may also include
groups of DC power sources where the direct current is
derived from non-renewable energy sources. Devices
that convert these non-renewable energy sources into
DC power to supply a load and/or a storage device may
include petrol, oil and gas generators and/or turbines for
example. The direct current may also be derived from
rectified or converted sources of alternating current pro-
vided from a switched mode power supply, dynamo or
alternator for example.

[0064] According to some illustrative embodiments,
DC power sources in a DC power system are intercon-
nected to various groups of DC sources. Each group of
DC sources may contain different types of DC power de-
rived from both renewable and non-renewable energy
sources, so that the DC power generated may be con-
figured to meet the criteria of providing an uninterruptable
source of DC power to a load from the DC power sources
and/or to store some of the DC power in a storage device.
A part of the criteria may be to utilize energy previously
stored in the storage device to subsequently supply pow-
er and what might be considered to be emergency power
to the load when the DC sources are not able to produce
power owing to lack of sunlight, wind and/or fuel for ex-
ample.

[0065] According to some illustrative embodiments,
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DC power sources may include a connection of DC sourc-
es to a load and/or storage device via multiple power
modules. The power modules may control power respon-
sive to sensed parameters communicated between var-
ious parts of the power system by use of the network
units. Control may be such that the load and/or storage
may match the DC power from the DC power sources,
power may be shed from the load and/or storage. Op-
tionally DC power from storage device may be matched
and supplied to the load or optionally DC power from the
DC power sources may be matched and supplied to the
load. To control power, the power modules may include
the capability of sensing parameters such as powers,
currents, voltages, coulombs, temperatures of their re-
spective inputs and outputs via sensors to a controller.
[0066] According to some illustrative embodiments,
the power modules may control power to the load and/or
storage device according to aload profile. The load profile
may include an information update via communication
interfaces included in the power modules that communi-
cate with each other via the network units to receive
weather information such as present and forecasted tem-
perature, wind speed, cloud cover and amount of sunlight
for example. The load profile may also include updated
information with regards to an updatable load demand
history of the power system with reference to daily and
nightly demand, weekday demand and monthly demand.
The updatable load demand history of the power system
may also take into account the amount of fuel and cost
of fuel available to utilize petrol, oil and gas generators
and/or turbines instead of using other types of DC power
provisioning, for example.

[0067] According to some illustrative embodiments,
the power modules may control power to the load and/or
storage device according to a charge profile of a storage
device. Using the example of a battery for the storage
device, the charge profile may ensure optimal charging
of the battery that may prefer a constant voltage level or
constant current for at least a minimum period of time.
The charge profile may also specify control of the tem-
perature of the battery during charging via the network
units, which may improve the performance and/or relia-
bility of the battery, since the battery may need to stay
cool when being charged so as to ensure optimal charg-
ing.

[0068] According to some illustrative embodiments,
consideration may be given to different types of batteries
when charging and discharging to ensure that correct
voltages, currents, temperatures and appropriate time
periods of charge and discharge are monitored, control-
led via the network units and applied to batteries so as
to avoid damage to the batteries. In addition, the charge
profile may include reconfiguration of the charge profile
based on data of the transfer of charge and/or discharge
of a battery in order to access the ageing and use of
batteries. Such data logging via the network units may
then be used to provide an estimate of projected battery
life and timing of battery maintenance and replacement
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for example.

[0069] According to some illustrative embodiments,
the power modules may be configurable via the network
units to control the delivery of power of the DC sources
to a load and/or a storage device. The power modules
may be configurable via the network units to control the
delivery of power to a load from energy previously stored
in the storage device. The power modules may be con-
figurable to control the delivery of power to a load from
both the DC power sources and the storage device to-
gether.

[0070] According to some illustrative embodiments, a
method for a power system that may include a controller,
multiple DC power sources, multiple DC power modules,
multiple bi-directional power modules and multiple stor-
age devices. In the method, each of the power sources
may be coupled to a respective DC power module. The
power modules outputs may be coupled in a connection
that may be a series connection of the power modules
outputs, to form thereby, a serial string of power module
outputs. The connection may also be a parallel connec-
tion of the power modules outputs. The serial string or
the parallel connection may be coupled to a load and
may be also coupled to the bi-directional power modules.
Each of the bi-directional power modules may be coupled
to respective storage devices. Power of each of the power
sources may be measured by sensors provided with each
of the power modules.

[0071] According to some illustrative embodiments,
upon the power being measured, a signal may be trans-
mitted by a network unit to the power module and/or a
bi-directional power modules. The signal sent to power
modules via the network units may serve the function of
instructing the power modules to shut down completely
(e.g., using an explicit message) due, for example, to a
safety condition in the power system, to reduce power
(e.g., an explicit message or lack of a signal) in order to
shed power, to let the power modules to continue to con-
trol power at the present level or to increase power to a
load and/or storage device. In general, the supply of pow-
er to the load and/or storage device may be controlled
responsive to the power measured. The load may com-
prise multiple loads, and multiple DC power modules may
be respectively coupled between the serial string and the
loads so that loads with different voltage levels and cur-
rent requirements may be accommodated. Similarly, dif-
ferent types of storage devices may also include respec-
tive bi-direction power modules so as to accommodate
the different voltage levels and current level requirements
such as constant voltage or constant current for charging
the storage device for example. The bi-directional nature
of the power modules of respective storage devices also
allow the accommodation and provision of the different
voltage levels and current level requirements of the mul-
tiple loads, when power to the loads is provided from the
storage devices.

[0072] According to some illustrative embodiments,
the control of power supplied to the load via a network
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unit may further include at least one of the storage de-
vices to be depleted prior to subsequent charging of the
at least one storage device, thereby mitigating damage
to the at least one storage device. The at least one stor-
age device depleted may additionally demand that at
least one of the other the storage devices remains sub-
stantially charged so that it may be used in an emergency
situation for example or to satisfy a requirement that a
minimal amount energy is always available to be sup-
plied.

[0073] Itis noted that various connections are set forth
between elements herein. These connections are de-
scribed in general and, unless specified otherwise, may
be direct or indirect; this specification is not intended to
be limiting in this respect. Further, although elements
herein are described in terms of either hardware or soft-
ware, they may be implemented in either hardware
and/or software. Additionally, elements of one embodi-
ment may be combined with elements from other em-
bodiments in appropriate combinations or sub-combina-
tions. For example, sensor(s), power source(s), storage
element(s), and interconnections of one embodiment
may be combined with similar elements of another em-
bodiment and used in any combination or sub combina-
tion. For example, network unit 112 may be combined
with network unit 412a so that the fiber optic transceiver
part may provide communications between parts of pow-
er systems 100/400a when good PLC communications
in certain sections of power systems 100/400a may be
difficult to achieve. Another example may be the possible
use of network units 112/412 as repeaters and/or to re-
condition signals sent between various sections of power
systems 100/400a. Further, the detachable/reconnecta-
ble nature of network units 112/412 may also allow for a
retrofit of an existing power system so that power pro-
duced may be monitored and controlled via use of net-
work units 112/400a.

[0074] One skilled in the art will recognize that the var-
ious embodiments detailed above may be combined in
suitable combinations and that portions of the embodi-
ments may be unitized in various sub combinations. For
example, network units 112 of Fig. 3C may be designed
and disposed in a connection box 350 and may commu-
nicate with additional network units 112 designed as
shown as Fig. 2A and installed as part a connection con-
figuration 111 as shown in Fig. 1A.

[0075] According to a first illustrative embodiment,
there is provided a power system. The power system
includes a plurality of direct current (DC) power sources
coupled to respective inputs of a plurality of power mod-
ules, wherein the outputs of the power modules are con-
nected together with a plurality of first power lines in se-
ries to form a serial string. The power system also in-
cludes at least one power device with an input connected
across the serial string. The power modules include at
least one communication interface. The power modules
also include at least one sensor interface operatively at-
tached to the at least one communication interface,
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wherein the at least one sensor interface includes atleast
one sensor configured to sense at least one parameter
in the serial string. The power modules further include at
least one network unit operatively attached to at least
one of the first power lines and the at least one commu-
nication interface. The at least one network unit is oper-
able to superimpose a first signal representative of the
at least one parameter onto the first power lines, thereby
to transmit the first signal to at least one of the other
power modules or to the at least one power device. The
at least one network unit is also operable to receive a
second signal of the at least one parameter superim-
posed onto the first power lines from another network
unit.

[0076] For the power system according to the first il-
lustrative embodiment, the at least one aperture has a
cross section selected from the group consisting of: a
circular cross section, an elliptical cross section, a square
cross section, a rectangular cross section, a triangular
cross section pentagonal cross section, and a hexagonal
cross section.

[0077] For the power system according to the first il-
lustrative embodiment, the at least one aperture has a
cross section selected from the group consisting of: a
circular cross section, an elliptical cross section, a square
cross section, a rectangular cross section, a triangular
cross section pentagonal cross section, and a hexagonal
cross section.

[0078] For the power system according to the first il-
lustrative embodiment, the magnetic core comprises two
members attachable and re-attachable to each other to
form thereby the at least one aperture.

[0079] For the power system according to the first il-
lustrative embodiment, the transceiver is operatively at-
tached to the at least one communication interface.
[0080] For the power system according to the first il-
lustrative embodiment, the at least one network unit is
attachable or re-attachable to at least one location on at
least one of the first power lines.

[0081] For the power system according to the first il-
lustrative embodiment, the at least one parameter is se-
lected from the group of parameters consisting of: volt-
age, current, power, temperature, coulombic charge, and
solar irradiance.

[0082] For the power system according to the first il-
lustrative embodiment, the first signal or the second sig-
nal is a control signal configured to control the power
modules.

[0083] For the power system according to the first il-
lustrative embodiment, the first signal or the second sig-
nalis a signal representative of the atleast one parameter
sensed by the at least one sensor.

[0084] For the power system according to the first il-
lustrative embodiment, the first signal is superimposed
onto the first power lines by a coupling between the net-
work unitand the first power lines selected from the group
of couplings consisting: an electromagnetic coupling, a
capacitive coupling, and a direct coupling.
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[0085] For the power system according to the first il-
lustrative embodiment, the second signal is received
from the first power lines by a coupling between the net-
work unitand the first power lines selected from the group
of couplings consisting of: an electromagnetic coupling,
a capacitive coupling, and a direct coupling.

[0086] For the power system according to the first il-
lustrative embodiment, the first signal and the second
signal are respectively superimposed and received onto
the first power lines by a variable capacitance configura-
ble to correct the inductive reactance of the first power
lines.

[0087] For the power system according to the first il-
lustrative embodiment, the variable capacitance is a var-
icap diode.

[0088] For the power system according to the first il-
lustrative embodiment, the variable capacitance is a
switched capacitor circuit.

[0089] For the power system according to the first il-
lustrative embodiment, the first signal and the second
signal are respectively superimposed and received onto
the first power lines by a coupling between the network
unit and the first power lines, wherein the coupling is by
a variable capacitance configurable to substantially cor-
rect the inductive reactance of the first power lines.
[0090] For the power system according to the first il-
lustrative embodiment, the first signal and the second
signal are respectively superimposed and received onto
the first power lines by a coupling between the network
unit and the first power lines, wherein the coupling is by
afilter configurable to allow a bandwidth of the first signal
and the second signal to be respectively superimposed
and received onto the first power lines.

[0091] According to a second illustrative embodiment,
there is provided a power system. The power system
includes a plurality of direct current (DC) power sources
coupled to respective inputs of a plurality of power mod-
ules, wherein the outputs of the power modules are con-
nected together with a plurality of first power lines in se-
ries to form a serial string. The power system also in-
cludes at least one power device with an input connected
across the serial string by a plurality of second power
lines, wherein the second power lines include afiber optic
portion. The power modules include at least one com-
munication interface. The power modules also include at
least one sensor interface operatively attached to the at
least one communication interface, wherein the at least
one sensor interface includes at least one sensor con-
figured to sense atleastone parameterin the serial string.
The power modules further include at least one network
unit operatively attached to at least one of the second
power lines and the atleast one communicationinterface.
The at least one network unit is operable to superimpose
a first optical signal representative of the at least one
parameteronto the fiber optic portion of the second power
lines, thereby to transmit the first optical signal to at least
one of the other power modules or to the at least one
power device. The at least one network node is also op-
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erable to receive a second optical signal of the at least
one parameter superimposed onto the fiber optic portion
of the second power lines from another network unit.
[0092] For the power system according to the second
illustrative embodiment, the at least one network unit in-
cludes a magnetic core with at least one aperture there-
through, wherein a power line is insert-able through the
at least one aperture. The at least one network module
also includes an inductor coil, wherein the wrapping of
the inductor coil in turns on the magnetic core pass at
least once through the at least one aperture. The at least
one network module further includes a transceiver oper-
atively attached to the inductor coil, wherein the trans-
ceiver is operable to superimpose a signal onto the power
line or to receive a signal present on the power line when
the power line is inserted through the at least one aper-
ture.

[0093] For the power system according to the second
illustrative embodiment, the at least one aperture has a
cross section selected from the group consisting of: a
circular cross section, an elliptical cross section, a square
cross section, a rectangular cross section, a triangular
cross section pentagonal cross section, and a hexagonal
cross section.

[0094] According to a third illustrative embodiment,
there is provided a network unit. The network unit in-
cludes a magnetic core with at least one aperture there-
through, wherein a first power line is insert-able through
the at least one aperture. The network unit also includes
an inductor coil, wherein the wrapping of the inductor coil
in turns on the magnetic core pass at least once through
the at least one aperture. The network unit further in-
cludes a transceiver operatively attached to the inductor
coil, wherein the transceiver is operable to superimpose
a signal onto the first power line or to receive a signal
present on the first power line when the first power line
is inserted through the at least one aperture. The network
unit is operable to superimpose, onto the first power line,
a first signal representative of at least one parameter of
aserial string of power modules connected with a plurality
of power lines that includes the first power line, thereby
to transmit the first signal to at least one of the power
modules. The network unit is also operable to receive a
second signal of the at least one parameter superim-
posed onto the first power line from another network unit.
[0095] Various characteristics of various embodiments
ofthe invention as hereinafter highlighted in a set of num-
bered claims. These characteristics are not to be inter-
preted as being limiting on the invention or inventive con-
cept, but are provided merely as a highlighting of some
characteristics of the invention as described in the de-
scription without suggesting a particular order of impor-
tance or relevancy of such characteristics.

Clause 1: A power system comprising:

a plurality of direct current (DC) power sources
coupled to respective inputs of a plurality of pow-

10

15

20

25

30

35

40

45

50

55

14

er modules, wherein the outputs of the power
modules are connected together with a plurality
offirst power lines in series to form a serial string;

at least one power device with an input connect-
ed across the serial string;
wherein the power modules include:

at least one communication interface;

at least one sensor interface operatively at-
tached to the at least one communication
interface, wherein the at least one sensor
interface includes at least one sensor con-
figured to sense at least one parameter in
the serial string;

at least one network unit operatively attached to
at least one of the first power lines and the at
least one communication interface, the at least
one network unit is operable to:

superimpose a first signal representative of
the at least one parameter onto the first
power lines, thereby to transmit the first sig-
nal to at least one of the other power mod-
ules or to the at least one power device; and

receive a second signal of the at least one
parameter superimposed onto the first pow-
er lines from another network unit.

Clause 2: The power system of clause 1, wherein
the at least one network unit comprises:

a magnetic core with at least one aperture there-
through, wherein a power line is insert-able
through the at least one aperture;

an inductor coil, wherein the wrapping of the in-
ductor coil in turns on the magnetic core pass
at least once through the at least one aperture;

a transceiver operatively attached to the induc-
tor coil, wherein the transceiver is operable to
superimpose a signal onto the power line or to
receive a signal present on the power line when
the power line is inserted through the at least
one aperture.

Clause 3. The power system of clause 2, wherein
the atleastone aperture has a cross section selected
from the group consisting of: a circular cross section,
an elliptical cross section, a square cross section, a
rectangular cross section, a triangular cross section
pentagonal cross section, and a hexagonal cross
section.



27 EP 3 407 502 A1 28

Clause 4. The power system of clause 2, wherein
the magnetic core comprises two members attach-
able and re-attachable to each other to form thereby
the at least one aperture.

Clause 5. The power system of clause 2, wherein
the transceiver is operatively attached to the at least
one communication interface.

Clause 6. The power system of clause 1, wherein
the at least one network unit is attachable or re-at-
tachable to at least one location on at least one of
the first power lines.

Clause 7. The power system of clause 1, wherein
the at least one parameter is selected from the group
of parameters consisting of: voltage, current, power,
temperature, coulombic charge, and solar irradi-
ance.

Clause 8. The power system of clause 1, wherein
the first signal or the second signal is a control signal
configured to control the power modules.

Clause 9. The power system of clause 1, wherein
the first signal or the second signal is a signal rep-
resentative of the at least one parameter sensed by
the at least one sensor.

Clause 10. The power system of clause 1, wherein
the first signal is superimposed onto the first power
lines by a coupling between the network unit and the
first power lines selected from the group of couplings
consisting: an electromagnetic coupling, a capaci-
tive coupling, and a direct coupling.

Clause 11. The power system of clause 1, wherein
the second signal is received from the first power
lines by a coupling between the network unit and the
first power lines selected from the group of couplings
consisting of: an electromagnetic coupling, a capac-
itive coupling, and a direct coupling.

Clause 12. The power system of clause 1, wherein
the first signal and the second signal are respectively
superimposed andreceived onto the first power lines
by a variable capacitance configurable to correct the
inductive reactance of the first power lines.

Clause 13. The power system of clause Fout! Ver-
wijzingsbron niet gevonden., wherein the variable
capacitance is a varicap diode.

Clause 14. The power system of clause Fout! Ver-
wijzingsbron niet gevonden., wherein the variable

capacitance is a switched capacitor circuit.

Clause 15. The power system of clause 1, wherein
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the first signal and the second signal are respectively
superimposed and received onto the first power lines
by a coupling between the network unit and the first
power lines, wherein the coupling is by a variable
capacitance configurable to substantially correct the
inductive reactance of the first power lines.

Clause 16. The power system of clause 1, wherein
the first signal and the second signal are respectively
superimposed and received onto the first power lines
by a coupling between the network unit and the first
power lines, wherein the coupling is by a filter con-
figurable to allow a bandwidth of the first signal and
the second signal to be respectively superimposed
and received onto the first power lines.

Clause 17. A power system comprising:

a plurality of direct current (DC) power sources
coupledtorespective inputs of a plurality of pow-
er modules, wherein the outputs of the power
modules are connected together with a plurality
offirst power lines in series to form a serial string;

at least one power device with an input connect-
ed across the serial string by a plurality of second
power lines, wherein the second power lines in-
clude a fiber optic portion;

wherein the power modules include:

at least one communication interface;

at least one sensor interface operatively at-
tached to the at least one communication
interface, wherein the at least one sensor
interface includes at least one sensor con-
figured to sense at least one parameter in
the serial string;

at least one network unit operatively attached to
at least one of the second power lines and the
at least one communication interface, the at
least one network unit is operable to:

superimpose a first optical signal represent-
ative of the at least one parameter onto the
fiber optic portion of the second power lines,
thereby to transmit the first optical signal to
at least one of the other power modules or
to the at least one power device; and

receive a second optical signal of the at
least one parameter superimposed onto the
fiber optic portion of the second power lines
from another network unit.

Clause 18. The power system of clause 17, wherein
the at least one network unit comprises:
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amagnetic core with at least one aperture there-
through, wherein a power line is insert-able
through the at least one aperture;

an inductor coil, wherein the wrapping of the in-
ductor coil in turns on the magnetic core pass
at least once through the at least one aperture;

a transceiver operatively attached to the induc-
tor coil, wherein the transceiver is operable to
superimpose a signal onto the power line or to
receive a signal present on the power line when
the power line is inserted through the at least
one aperture.

Clause 19. The power system of clause 18, wherein
the at least one aperture has a cross section selected
from the group consisting of: a circular cross section,
an elliptical cross section, a square cross section, a
rectangular cross section, a triangular cross section
pentagonal cross section, and a hexagonal cross
section.

Clause 20. A network unit comprising:

amagnetic core with at least one aperture there-
through, wherein a first power line is insert-able
through the at least one aperture;

an inductor coil, wherein the wrapping of the in-
ductor coil in turns on the magnetic core pass
at least once through the at least one aperture;

a transceiver operatively attached to the induc-
tor coil, wherein the transceiver is operable to
superimpose a signal onto the first power line or
to receive a signal present on the first power line
when the first power line is inserted through the
at least one aperture,

wherein the network unit is operable to:

superimpose, onto the first power line, a first
signal representative of at least one param-
eter of a serial string of power modules con-
nected with a plurality of power lines that
includes the first power line, thereby to
transmit the first signal to at least one of the
power modules; and

receive a second signal of the at least one
parameter superimposed onto the first pow-
er line from another network unit.

Claims

1.

A power system comprising:
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a plurality of direct current (DC) power sources
coupledtorespective inputs of a plurality of pow-
er modules, wherein the outputs of the power
modules are connected together with a plurality
offirst power lines in series to form a serial string;
at least one power device with an input connect-
ed across the serial string;

wherein the power modules include:

at least one communication interface;

at least one sensor interface operatively at-
tached to the at least one communication
interface, wherein the at least one sensor
interface includes at least one sensor con-
figured to sense at least one parameter in
the serial string;

at least one network unit operatively attached to
at least one of the first power lines and the at
least one communication interface, the at least
one network unit is operable to:

superimpose a first signal representative of
the at least one parameter onto the first
power lines, thereby to transmit the first sig-
nal to at least one of the other power mod-
ules or to the at least one power device; and
receive a second signal of the at least one
parameter superimposed onto the first pow-
er lines from another network unit.

2. The power system of claim 1, wherein the at least

one network unit comprises:

a magnetic core with at least one aperture there-
through, wherein a power line is insert-able
through the at least one aperture;

an inductor coil, wherein the wrapping of the in-
ductor coil in turns on the magnetic core pass
at least once through the at least one aperture;
a transceiver operatively attached to the induc-
tor coil, wherein the transceiver is operable to
superimpose a signal onto the power line or to
receive a signal present on the power line when
the power line is inserted through the at least
one aperture.

The power system of claim 2, wherein the at least
one aperture has a cross section selected from the
group consisting of: a circular cross section, an el-
liptical cross section, a square cross section, a rec-
tangular cross section, a triangular cross section
pentagonal cross section, and a hexagonal cross
section.

The power system of claim 2 or 3, wherein the mag-
netic core comprises two members attachable and
re-attachable to each other to form thereby the at
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least one aperture.

The power system of any of claims 2-4, wherein the
transceiver is operatively attached to the atleast one
communication interface.

The power system of any of the preceding claims,
wherein the at least one network unit is attachable
or re-attachable to at least one location on at least
one of the first power lines.

The power system of any of the preceding claims,
wherein the at least one parameter is selected from
the group of parameters consisting of: voltage, cur-
rent, power, temperature, coulombic charge, and so-
lar irradiance.

The power system of any of the preceding claims,
wherein the first signal or the second signal is a con-
trol signal configured to control the power modules.

The power system of any of the preceding claims,
wherein the first signal or the second signal is a signal
representative of the at least one parameter sensed
by the at least one sensor.

The power system of any of the preceding claims,
wherein the first signal is superimposed onto the first
power lines by a coupling between the network unit
and the first power lines selected from the group of
couplings consisting: an electromagnetic coupling,
a capacitive coupling, and a direct coupling.

The power system of any of the preceding claims,
wherein the second signal is received from the first
power lines by a coupling between the network unit
and the first power lines selected from the group of
couplings consisting of: an electromagnetic cou-
pling, a capacitive coupling, and a direct coupling.

A power system comprising:

a plurality of direct current (DC) power sources
coupled to respective inputs of a plurality of pow-
er modules, wherein the outputs of the power
modules are connected together with a plurality
offirst power lines in series to form a serial string;
at least one power device with an input connect-
ed across the serial string by a plurality of second
power lines, wherein the second power lines in-
clude a fiber optic portion;

wherein the power modules include:

at least one communication interface;

at least one sensor interface operatively at-
tached to the at least one communication
interface, wherein the at least one sensor
interface includes at least one sensor con-
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13.

14.

15.

32

figured to sense at least one parameter in
the serial string;

at least one network unit operatively attached to
at least one of the second power lines and the
at least one communication interface, the at
least one network unit is operable to:

superimpose a first optical signal represent-
ative of the at least one parameter onto the
fiber optic portion of the second power lines,
thereby to transmit the first optical signal to
at least one of the other power modules or
to the at least one power device; and
receive a second optical signal of the at
least one parameter superimposed onto the
fiber optic portion of the second power lines
from another network unit.

The power system of claim 12, wherein the at least
one network unit comprises:

a magnetic core with at least one aperture there-
through, wherein a power line is insert-able
through the at least one aperture;

an inductor coil, wherein the wrapping of the in-
ductor coil in turns on the magnetic core pass
at least once through the at least one aperture;
a transceiver operatively attached to the induc-
tor coil, wherein the transceiver is operable to
superimpose a signal onto the power line or to
receive a signal present on the power line when
the power line is inserted through the at least
one aperture.

The power system of claim 13, wherein the at least
one aperture has a cross section selected from the
group consisting of: a circular cross section, an el-
liptical cross section, a square cross section, a rec-
tangular cross section, a triangular cross section
pentagonal cross section, and a hexagonal cross
section.

The power system of claim 13 or 14, wherein the
magnetic core comprises two members attachable
and re-attachable to each other to form thereby the
at least one aperture.
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